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(S) Turbo compound engine. 



A turt>o compound engine Including driving pow- 
er transmission means for drivingly connecting a 
crankshaft of the engine to a power turbine provided 
in an exhaust gas passage, so as to secure an 
adequate breaking force which Is relatively weak- 
ened by an improvement in engine performance, by 
activating a power turbine by means of the driving 
power transmission means during exhuast breaking, 
thereby transforming the work of the power turbine 
to breaking force of the crankshaft in order to in- 
crease the entire breaking force of the engine. 
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TURBO COMPOUND ENGINE 



BACKGROUND OF INVENTiON 

1 . Technical Held 

The present invention relates to a turbo com- 
pound engine tliat is capable of recovering the 
energy of exhaust gas and utilizing the recovered 
energy as rotative power of a drive shaft such as a 
crank shaft or the like, in particular, it concerns a 
turbo compound engine that is capable of develop- 
ing an engine brake force that is at least equal to 
that of a non-supercharged engine of equal power 
output 



2. Background Art 

Generally, supercharged engines feature in 
comparison with non-supercharged engines of larg- 
er displacements: (1) better fuel economy, (2) out- 
put performance that is at least equal to non- 
supercharged engines, and (3) lighter weight and 
compactness of the engine. 

These advantages of supercharged engines are 
further augmented in the highly supercharged en- 
gines and in turbo compound engines, and this 
invention Is especially concemed with the latter. 

In the turbo compound engine, the energy of 
exhaust gas from the engine is recovered by the 
turtx)charger as its supercharging work, and the 
remaining energy of the exhaust gas from the 
turbocharger is recovered by the power turbine as 
its adiabatic expansion work. Although this con- 
struction brings about a gereral improvement in the 
power output performance, fuel economy, and gain 
of the engine, the expansion ratios of the tur- 
bocharger and the power turbine must be in- 
creased in order to raise its supercharging pres- 
sure so that the turbo compound engine's overall 
performance can be further improved. 

In this case, however, it will be left as a prob- 
lem to secure an engine break (exhaust break) to 
counterbalance the increased power output of the 
engine. This may be seen in the relationships exist- 
ing among engine revolution speed Ne, engine 
output power Pme, and engine brake force Pmf. 
shown in Rg. 6 for a highly turbocharged engine in 
comparison with a non-supercharged engine. In 
this figure, solid line indicates the output power 
performance, and dotted line for engine break 
force. Specifically, with regard to the relative brak- 
ing force (i.e.. engine revolution speed/engine out- 
put power) at the 100% rated revolution speed Ntoo, 
BniSn > Bt 'St, where Bn stands for the engine 



brake force of a non-supercharged engine. Sm for 
the engine output power of the non-supercharged 
engine. Bt for the engine break force of a highly 
supercharged engine, and St for the engine output 

5 power of the highly supercharged engine. This 
means that the relative engine brake force suffers a 
decrease when the supercharging is intensified, so 
that a main break (i.e.. foot break) should be ma* 
nipulated in order to offset the relative decrease of 

70 entire breaking force. 

To reiterate, obtaining a sufficiently large en- 
gine brake force Is important not only for the ma- 
neuverability and safety of the vehicle (engine 
break force of approximately more than 60% of the 

75 rated output power is required), but also for taking 
better advantage of the advantages of the turbo 
compound engine. In connection with the above 
discription. the present assignee has proposed 
"Turbo Compound Engine" (Japanese Patent Ap- 

20 plication No. 61-228107 or U.S. Patent Application 
No. 091.161), 

In this proposal, as shown in Rg.7, a power 
turbine a which recovers the exhaust gas energy is 
provided in the exhaust gas passage bl, another 

25 passage c which by-passes the turbine a is pro- 
vided being branched from bl upstream of the 
turbine a. whereby defining a segment b2. and an 
exhaust gas passage switching means e is pro- 
vided so as to close the upstream side passage b2 

30 when the exhaust break is operating and a driving 
power is transmitted to the turbine a from the 
crankshaft d. 

Said exhaust gas passage switching means e 
is comprised of a rotary valve which has two inter- 

35 nal ports with large and small diameters in a man- 
ner such that the passage bl and another passage 
c are connected to each other by the port of small 
diameter when the exhaust break functions. 

Upon exhaust-breaking, by the exhaust pas- 

40 sage switching means, the exhaust gas line bl 
upstream of the by-pass line c is closed, and the 
upstream side b2 of the power turbine a is con- 
nected with the by-pass fine c with the exhaust gas 
being throttled by the exhaust gass passage 

45 switching means e, so that the rotation of the 
crankshaft d is reversed by a gear train h and the 
rotative power is transmitted to the power turbine a, 
which is orginally intended to recover the energy. 
In tfiis manner, the power turbine a will perform 

50 negative work against the crankshaft, i.e.. pumping 
work, since the exhaust gas downstream of the 
power turbine a comes through the by-pass line c, 
as shown by dotted arrow in Rg. 7. Therefore, 
during exhaust-breaking, an engine break force of 
considerable magnitude, that is to say. a motor 
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friction of the engine, a pumping work (negative 
work), and the exhasut break force, can be gen- 
erated. 

However, the exhaust break may function, even 
when the engine is running eibove the rated revolu- 
tion speed, i.e.. when the engine is in overrun 
condition, for example, in a case of driving down a 
slope under a light load - high revolution speed 
condition. In this case, there is a great possibility 
that the power turbine may also come to an over- 
run condition, which should be avoided. The 
present inventors and others have found that the 
overrun is a factor to cause a significant deteriora- 
tion of rotation performance of the rotating portion 
of the power turbine as well as the bearing portion, 
and come to the idea of this invention. 



SUMMARY OF THE INVENTION 



One object of this invention is to provide a 
turbo compound engine whereby when a power 
turbine is driven to rotate by a crankshaft so as to 
transmit to the crankshaft a breaking force relative 
to the power turbine rotation, even at the rated 
speed of the engine, the power turbine wiir not 
reach an over rotative speed, so that a stable and 
reiialbe breaking force is produced by the power 
turbine. 

Another object of this invention Is to provide a 
turbo compound engine In which by preventing the 
power turbine from rotating beyond Its over rotal- 
tive speed, a sudden breaking force will not be 
appllied to the crankshaft, and an unduly load will 
not added to the driving power transmissioin sys- 
tem, so that a durability and reliability of the driving 
force tramsmission system will be improved. 

A further object of this invention is to provide a 
turbo compound engine in which by rotating the 
power turbine below its over rotative speed, a cer- 
tain rotation performance is maintained with the 
power turbine, and the rotative portion and the 
bearing portion which support the driving force 
transmission system. 

These objects are achieved by a turljo com- 
pound engine comprising an engine which has an 
exhaust gas passage and a crankshaft, a power 
turbine provided in the exhaust gas passage for 
recovering the exhaust gas energy, a driving power 
transmission means for drivingly connecting the 
crankshaft and \he power turbine, a fluid passage 
connected to a portion of exhaust passage between 
the power turbine and the engine, and fluid pas- 
sage switching means for closing the exhaust pas- 
sage upstream of the fluid passage while, opening 
the fluid passage during exhaust braking. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Rgure 1 is a system diagram, showing a 
preferred embodiment of the turbo compound en- 
5 gine of the present invention; 

Figures 2 and 3 are enlarged views of a 
portion of Rg.1. showing the switching positions of 
the rotary valve, the rotary valve having a first port 
of large diameter and a second port of small diam- 
10 eter and being disposed at the junction of the by- 
pass passage and the exhaust gas passage; 

Rgure 4 is a diagram, showing the relation- 
ship between an engine brake force and the diam- 
eter of the small port; 
75 Rgure 5 is a schematic cross sectional view, 

showing the directions of exhaust; 

Rgure 6 depicts performance curves, show- 
ing the relationship between relative break force 
(revolution speed/engine output) and the revolution 
20 speed for a non-turbocharged engine and a highly 
supercharged engine; 

Rgure 7 depicts a system diagram, showing 
a turbo compound engine of a related art. 

25 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A preferred embodiment of the turbo com- 
30 pound engine according to the present invention 
will be described with reference to the accompany- 
ing drawings. 

In Rg.1, the numeral 1 designates an engine. 2 
the intake manifold, and 3 the exhaust manifold. To 
35 the exhasut manifold 3. there is connected an 
exhaust gas passage 4 consisting of 4a-4d. while 
the intake manifold 2 is connected to an intake air 
passage 5. 

There is disposed the turbine 10a of the tur- 

40 bocharger 10 at an intermediate point in exhaust 
passage 4a. while the compressor 10b of the tur- 
bocharge 10 is disposed an intermediate point in 
the intake passage 5. In the exhaust passge 4b 
downstream of the turbocharger 10, there is dis- 

45 posed a power turbine 12. 

Repetitiously speaking, one object of this in- 
vention is to realize a turbo compound engine 
which is capable of securing an adequate engine 
break force relative to the engine output per- 

50 foemence. In this embodiment, in order to increase 
the engine break force, it is considered to be 
effective that a resistance force should be applied 
to the rotative crankshaft 15 directly or indirectly, 
so that the crankshaft 15 will be loaded with a 

55 considerable negative work. 

As shown in Rg.1, a by-pass line 25 Is con- 
nected to the exhaust gas passage 4b between the 
power turbine 12 and the turbine 10a of the turbo 
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chager 10 at one end. and at the other end to the 
passage 4c downstream of the power turbine 12. 
And at junction of the by-pass line 25 upstream 
of the power turbine 12. there Is provided an ex- 
haust gas passage switching means 30. 

In this embodimetn, the fluid passage switching 
means 30 comprises, as shown in Rgs. 1 to 3, a 
rotary valve 31, which is disposed in the above 
mentioned junction and functions as an exhaust 
gas switching valve* and a driving mechanism 32 
therefor. The rotary vaJve 31 comprises, as shown 
in Rgs 2 and 3 , a rotor 31b, which is rotatably 
disposed in the casing 31a, a first port A, and a 
second port B with the two ports being formed 
whitin the rotor 31b in a manner such that the 
diameter of the first port A. d1 . is equal to that of 
the exhasut passage 4b, dO, while the diameter of 
the second port B, d2, smaller than that of the 
passage 25, d3. To the casing 31a. furthermore, 
two openings 31c are provided for the exhaust 
passage 4b, and the fluid passage 25, in a way that 
when the first port A is rotated into a position 
connecting the exhasut passage 4b, the second 
port B will be rotated away to disconnect the ex- 
hasut passage 4b and the fluid passage 25 as 
shwon in Rg.2. 

The driving mechanism 32 that drives and con- 
trols the rotary valve 31 is constructed as follows. 
Namely, as shown in Rgs.1 and 2. to the rotor 31b 
there is conncetd one end of a lever member 35, 
while to the other free end thereof, namely that end 
which extends out of the exhasut passage 4b in the 
radial direction, there is connected the actuating 
rod 33 of the actuator 34. 

Now, referring to Rg.l. the fluid chamber 37 of 
the actuator 34 is connected to a fluid feeding 
apparatus 36 via a fluid passage 39. and midway In 
the fluid |>assage 39. there is disposed an elec- 
tromagnetic valve 40 in a manner such that it 
connects the fluid chamber 37 and the fluid feeding 
apparatus 36 when acticated by electric current 
from a DC power sourc 45, such as a battery. It is 
to be noted that the electromagnetic valve 40 is 
activated only when the neutrality sensing switch 
41 that senses neutrality of the engine 1 . the clutch 
action swith 42, and the exhaust brake swithc 43 
are all turned ON. 

The numeral 47 denotes a switch for the re- 
verse rotation electromagnetic clutch, which is, dur- 
ing normal operation, kept open. 

Next, a gear train for connecting the power 
turbine 12 and the crankshaft 15 will be explained. 

As shown in Rg.l. to the output shaft 13a of 
the turbine shaft 13 of the power turbine 12, there 
is iritegrally provided an output gear 16. Epicyciic 
gears 17a and 17b are engaged with the output 
gear 16. These epicyciic gears 17a and 17b are 
engaged with a ring gear 18 which rotates with an 



input pump 21 a of the fluid coupling 21 . 

In clear terms, the output gear 18 is connected 
to the fluid coupling 21 via the epicyciic gearing 19 
which comprises the planetary gears 17a and 17b 

6 as well as the ring or sun gear 18. so that the 
rotative force from the power turbine 12 can be 
transmitted to the output pump 21b of the fluid 
coupling 21. The epicyciic gearing 19 is provided 
because it has a big moderating ratio and a high 

10 transmission efficiency. To the output pump 21b, 
there is provided a gear 20 which rotates with 21b. 

To the crankshaft 15, there are provided the 
first crankshaft gear 23 which Includes an elec- 
tromagnetic clutch 22 and whose rotation is stop- 

15 ped by the clutch 22. and the second crankshaft 
gear 24. The second crankshaft gear 24 is en- 
gaged with the second intemidiate gear 27 which 
includes a one-way clutch 26. The second inter- 
midiate gear 27 is connected to said outupt gear 

20 20 via a first rntermidiate gear 28 which has a 
mutual shaft with 27. 

The first tntermldiate gear 28 and first crank- 
shaft 23 are connected to each other by the re- 
verse idle gear 29, and when the electromagnetic 

25 clutch 22 functions, that is to say, when the elec- 
tromagnetic clutch switch 47 is turned ON. the first 
crankshaft gear 23 and the first intermidiate gear 
28 are connected, so that the rotative driving force 
from the crankshaft 15 will be transmitted to the 

30 gear 20. At this timer the second intermidiate gear 
27 and second crankshaft gear 24 are disconncetd 
to each other due to the one-way clutch 26, so that 
the rotative force will not transmitted with the only 
one-way clutch 26 rotating freely. 

35 Meanwhile, the major object of this Invention is 

to provide a turbo compound engine whereby an 
overrun of the power turbine 12 will be avoided 
when the driving force from the crankshaft 15 is 
transmitted to the power turbine 12 at the rated 

40 revolution speed of the engine. Thus, the gear 
ratios of first crankshaft gear 28, the idle gear 29, 
the first intermidiate gear 28, and the gear 20 must 
be determined in a manner such that when the 
engine runs at its rated revolution speed, power 

45 turbine 12 is prevented from overrunning. Specifi- 
cally, the gear ratio between the gear 20 and the 
second crankshaft gear 24 is set to be larger than 
that between first crankshaft gear 23 and the gear 
20. 

50 In this particlular embodiment, the gear ratio 

between the first crankshaft gear 23 and the first 
intermidiate gear 27 is smaller than that between 
the second crankshaft gear 24 and the second 
intermidiate gear 27. 

55 The gear train 56 which transmits the rotative 

power from the power turbine 12 to the crankshaft 
15 comprises the second crankshaft gear 24, one- 
way clutch 26, and the first intermidiate gear 28, 
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the gear 20. while the other gear train 57 which 
transmits the rotation power from the crankshaft 15 
to the power turbine 12 comprises the first crank- 
shaft gear 23. the idle gear 29. the first intermidiate 
gear 28. and the gear 20. 5 

When the power turbine 12 operates in normal 
mode and the bresdctng force is generated there- 
upon, i.e.. in a case where the reverse gear train 57 
is not provided with the engine, it goes without 
saying that the entire gear ratio of the gear train 56 lo 
should be set in a manner such that the power 
turbine will not reach its over rotative speed. 

NA/hen the exhaust brake is operating, on the 
other hand, the neutrality sensing switch 41, the 
clutch action sitch 42. and the exhaust brake switch 15 
43 are all tumed ON, whereby the switch for the 
reversing electromagnetic clutch 47 is turned ON. 
and the electromagnetic switch 40 is tumed ON. 
allowing the fluid feeding apparatus 36 to feed the 
working fluid into the action chamber 37 of the 20 
actuator 34. which drives the action rod 33 to act 
on the rotary valve 31 via the lever member 35 so 
as to close the exhaust passage 4b, while connect- 
ing the exhaust passage 4d that lies downstream of 
the rotary valve 31 and the by-pass line 25 via the 25 
second port B. 

In this state, therefore, the power turbine 12 is 
deprived of the rotation driving power of the ex- 
hasut gas. whereby the rotation power of the crank- 
shaft 15 is transmitted, in contrast to the case of 30 
normal rotation, to the gear 20 ap ri tt ^a fluid no u^ 
pl ing 21 via the first crankshaft .qeai:-2-3T-the idle 
gear 29. and the first intermidiate gear 28. Namely. 
t he power turbine 12 is now ODe ratipq, reversed, as 
sho wn in Hg. 5. as a compressor of pnnr effi, 35 
ciency.jDlDjwng„afr„out of the exhaust passge 4c 
downstream thereto into the junction side of the by- 
pass line 25. Since the gas flowing toward the fluid 
passage 25 through the second port B is acceler- 
ated due to the throttling action of the second port 4o 
B. a large amount of negative work in the form of 
the air stirring work and the air compressing work 
of the power turbine 12 is forced against the crank- 
shaft 15. 

Thus, when the exhasut brake is oprating, a 45 
large engine brake force is created on above men- 
tioned negative work together with the negative 
work of the exhaust brake and the motor friction. 
The exhaust brake means includes an exhuast 
manifold 3 and an exhaust brake valve (not shown) 50 
that is disposed in the exhaust passage 4a such 
that increase in the exhaust resistance brought 
about when this brake valve is fully closed, namely 
an increase in the pumping work, acts as the 
engine brake force. 55 

It is to be noted here that the diameter of the 
second port B, d2. depends much on the form of 
the power turbine 12. i.e., it is determined in a 



manner such that the overrun of the power turbine 
12 will not occur (see Rgs 4 and 5). 

In this embodiment, it is also permittable to 
provide a three-way valve 55 in the exhaust gas 
passage 4c between the junction 4e of the passage 
4c and the by-pass line 25, and the power turbine 
12. thereby introducing the air from outside which 
may be clearer than the exhaust gas by closing the 
passage 4c when the exhaust break Is operating. 

In the above discribed embodiment, the ex- 
haust gas line 4 and the by-pass line 25 is 
opened/closed or switched by the rotary valve 31 
though, the rotary valve is not the only means. 
Namely, it is acceptable to provide and operate 
intercatively a shut-off valve which fully colses the 
passage 4b upstream of the by-pass line 25 when 
the reverse rotative power is transmitted to the 
power turbine 12 from" the crankshaft 15, and a 
throttle valve for controlling the geometric mag- 
nitude of the cross section of the by-pass line 25. 
And. it is also satisfactory that the by-pass line 25 
may be alreadly throttled to a certain degree and 
then the passage 4b may be opened/closed. 



Claims 

(1) A turbo compound engine comprising: 

an engine having an exhaust gas passage and a 
crankshaft; 

a power turbine disposed in said exhaust passage 
so as to recover the exhaust gas energy; 
driving power transmission means for drivingly con- 
necting said power turbine and said crankshaft so 
as to transmit to said power turbine said driving 
power of a revolution speed below over rotative 
speed of said power turbine; 
a fluid passage connected to a portion of said 
exhaust passage which lies between said power 
turbine and said engine; and 
a fluid passage switching means for closing said 
exhaust passage upstream of said fluid passage 
white opening said fluid passage during exhaust 
braking. 

(2) The turbo compound engine according to 
claim 1, wherein said driving power transmission 
means includes gear train means for connecting 
said crankshaft and said power turbine, said gear 
train means including a plurality of gear trains with 
a gear ratio of each gear train being set to a value 
so as to prevent said power turbine from rotating 
over its over rotative speed. 

(3) The turbo compound engine according to 
claim 2, wherein said gear train means includes a 
plurality of gear trains and fluid clutches. 

(4) The turbo compound engine according to 
claim 1. wherein one end of said fluid passage is 
connected to the exhaust passage upstream of said 
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power turbine, and the other end of said fluid 
passage is connected to the exhaust passage 
downstream of said power turbine. 

(5) The turbo compound engine according to 
claim 1. wherein said driving power transmission s 
means includes reversing gear trains that transmit 
said driving power from said crankshaft to said 
power turbine when the exhaust brake is operating, 
and normal rotation gear trains that transmit said 
driving power from said power turbine to said io 
crankshaft during normal operation, with the gear 
ratio of the former gear trains being smaller tinan 

that of the latter 

(6) The turbo compound engine according to 
claim 5. wherein said normal rotation gear trains is 
and said reversing gear trains are respectively pro- 
vided so as to transmit said driving power through 
fluid clutches and electromagnetic clutches. 

(7) The turbo compound engine according to 
claim 1, wherein said fluid passage switching 20 
means includes a switching valve that closes said 
exhaust passes upstream of said fluid passage 
while opens said fluid passage to a predetermined 
aperture when the exhaust brake is operating and 

the driving power is transmitted from said crank- 25 
shaft to said power turbine, and also includes a 
driving mechanism for driving said switching valve, 

(8) The turbo compound engine according to 
claim 7, wherein said switching valve includes a 
rotary valve having a first port whose diameter is 30 
equal to that of s^d exhaust passage, as well as a 
second port whose diameter is smaller than that of 
said fluid passage, said switching valve being con- 
structed so as to be activated by said driving 
mechanism in order to connect said second port to 35 
said fluid passage, thereby disconnecting said first 

port from said exhaust passage when the exhaust 
brake operates and the driving power Is being 
transmitted from said crankshaft to said power tur- 
bine. 
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0 Turbo compound engine. 



0 A turbo compound engine including driving pow- 
er transmission means for drivlngiy connecting a 
crankshaft of the engine to a power turbine provided 
in an exhaust gas passage, so as to secure an 
adequate breaking force which is relatively weak- 
ened by an improvement in engine performance, by 
activating a power turbine by means of the driving 
power transmission means during exhuast breaking, 
thereby transforming the work of the power turbine 
to breaking force of the crankshaft in order to In- 
crease the entire breaking force of the engine. 
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